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In Polyga/a myrtifolia and probably other South African Polyga/a species with asymmetrical flowers, pollen is fi rst 
presented in a very unusual manner; eight sausage-like pollen masses are attached by thei r ends to the crook-shaped 
tip of the style (secondary pollen presentation) . Flora l morphology suggests that when the asymmetrical keel of the 
flower IS pressed down by a sufficiently strong bee, the pollen presenter springs out and the stigma and pollen hit the 
visitor dorsally on the righ t nank pleuro-nototribic. When the keel returns to its original position, the remaining poUen is 
moved into the rostrum of the keel. In subsequent visits pollen is squeezed out of there by a pocket at the tip of the 
style. This tertiary polien presentation follows the piston mechanism and dusts the ventra l side of the visitor 
(sternotribic). 
Keywords: Polygalaceae, Polyga/a, flower morphology, keel flower, papi lionoid flower, poJlen presentation, South 
Africa. 
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Introduction 
The genus Polygala, and also most other genera of the 
Polygalaceae, is well known for its elaborate flowers that 
strongly recall those ofpapilionoid legumes (Fabaceae). Out of a 
total of c. 400-450 species (Eriksen 1993) 32 occur in the Cape 
region of South Africa (Bond & Goldblatt 1984). Some of them 
have more or less strongly asymmetrical flowers and are there-
fore of special morphological and anthecological interest: P. my/"-
Ii/alia, P. braeteolata. P. hottentotta. P. umbellata. P. virgata etc. 
(for illustrations see, e.g., Scott Elliot 1891; Levyns 1955; 
Onderstall 1984). The best-known representative of this group is 
Polygala myrlifolia, which has long attracted the attention of 
botanists (e.g., Delpino 1868/69; Delpino 1873174; Scott Elliot 
1891; Troll 1928; Barner! 1990). The most thorough description 
of its floral function dates back to Delpino (1868/69). Nonethe-
less, a number of details, in particular the most remarkable mode 
of pollen presentation, have remained unknown, even though the 
phenomenon of secondary pollen presentation has been recently 
reviewed (Ladd & Donaldson 1993; Yeo 1993). 
The present communication is part of an extensive research 
project on the morphology and function of keel flowers in vari-
ous families conducted by the first author. Polygalaceae have 
been studied on a broader scale together with the second author 
and his collaborators (University of Vienna); those results will be 
presented in a separate paper. 
Materials and Methods 
The present investigation refers essentially to Polygafax dalrna/si-
ana L.H. Bailey, an artificial hybrid between the two South African 
species Pofygala myrtifolia L. and P. oPPosili/ofia L. In floral char-
acters the hybrid is ± identical with P. myrtifolia. It differs from the 
parental species in flowering freely more or less all year round. 
According to Mabberley (1987) and Huxley (1992) it is this hybrid 
that is frequently cultivated in botanical gardens, usually under the 
name P. myrtifolia. The present observations are based on material 
from the Botanical Gardens of Bonn and Vienna. Picking and prepa-
ration of the i10wers had to be done with great care, as the pollen 
masses are very friable and easily get dislodged. It seems probable 
that the asymmetrical flowers found in several other South African 
species (see introduction) match functionally with those of the plants 
investigated. Nonetheless, field studies are necessary to confirm, 
complement or widen the present results. 
For magnification ancl drawings, a Wild M5 dissecting micro-
scope and a Wild M420 macroscope \ven:: used. The strength that 
bees have to apply to trip the flower was measured by an electronic 
balance specially constructed for this purpose (by H. 1. Ensikat. St. 
Augustin) . 
With regard to the position of floral organs. the terms ' right'. 
' left' , 'above'. ' below' etc. refer to the view of a flower vis itor! 
observer (Figure 1 a) and match \vith the position in the 110ral dia-
gram. 
Results and Discussion 
Flower form 
As usual in Polygala, the calyx is 5-merous and composed of 
three small outer and two large inner sepals. The small sepals 
correspond to the median upper and the two lower lateral sepals. 
They are green, somewhat boat-shaped and lie closely attached 
to the inner floral organs. The two upper lateral sepals are totally 
different (Figure la), they are much larger than all the other flo-
ral parts, flat, strongly asymmetrical, of the same colour as the 
lower petal (pink) and are spreading to reflexed. Their venation 
is conspicuous by its contrasting green colour, especially on the 
outer surface. 
In the corolla, five petals are initiated (P. myrtifolia, Barnert 
1990), but only three are fully developed at anthesis: two upper 
lateral ones (whitish in colour) and the lower median one (pink). 
Basally they are united with the fused filaments (Figure I b, c). 
The whole complex is split down to the base, but functionally 
closed by an overlap of the upper petals (Figure la, e). These two 
petals display a highly complex three dimensional structure (cf. 
Figure 1 c, d). The lower, overlapping parts form a roof above the 
filament furrow (Figure 1 e). The upper parts are divided into two 
lobes: the upper lobe is erect, somewhat reflexed and forms a 
small flag with dark markings (Figure I d). The lower lobe is 
much longer, narrow and twisted at the (very stiff) base, so that a 
horizontal strap is formed (Figure 1 b, c). 
The lower median petal is much larger than the two upper 
ones. It forms a large, slender, boat-shaped keel. Starting from a 
narrow basal claw (Figure 1 c) it soon reaches its maximum width 
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figure 1 Po/ygala x dalmaisiana. (a) Total nower, note the crest bending to the left and the keel tip bending to the right (bar: I em, refer-
ring to this figure only). (b) Flower with calyx removed, displaying the upper petals (tongue-guide) and the lower petal (keel) with the crest. 
(c) Detail (basal part) of (b): upper petal(s) dividing into a reflexed upper lobe and a horizontal strap, lower petal (keel) with claw and auricle. 
(d) Longitudinal section through basal part of flower showing the tongue-channel (cavity below the upper petals), the nectar chamber and the 
nectar cover (edges of filament furrow with interlocking hairs). (e) Base of fil ament furrow with touching edges lined by interlocking hairs 
(nectar cover) and tongue-channel (cavity below upper peta ls). (f) Filament furrow and free parts of stamens: note wilted zone below anthers 
(afier pollen release). (g) Tip of style. 
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is a v-shaped hinge between the claw and the blade consisting of 
thinner tissue. The tip of the obtuse v points to the base of the 
flower. The upper edge of the auricles reaches nearly to the top 
of the semi-circular opening formed by the overlapping upper 
petals. On the upper edge both margins of the keel petal are 
appressed to each other over their entire length, causing a firm 
closure. The tip of the keel is elongated into a short, but spacious 
rostrum which is bent to the right. The tubular space of the ros-
trum continues into the keel for some distance (Figure I a, b), 
bounded by bulges running parallel to the leading edge of the 
keel. The two inward folds forming the bulge below the rostrum 
are different on either side, the right one being more prominent 
than the left. Shortly after the lowest point of the keel a crest 
arises which bends to the left (Figure I a, b). Rostrum and crest 
thus occupy alternating positions in relation to the plane of sym-
metry (Figure la). The crest is ramified like a brush or antlers. 
The androecium is enclosed within the keel. It is 8-merous, 
with four paired stamens that are basally fused to form a furrow 
(Figure I I). The furrow has its edges lined by hairs in the lower 
half, and at the very base its sides reach to the roof formed by the 
two overlapping upper petals (Figure 1 d-e). This roof covers the 
furrow completely. The distal parts of the filaments are free from 
each other. This free portion is much longer than in most Euro-
pean species of Polygala. The filaments follow the curvature of 
the keel and are highly turgescent, both in the fused and free 
parts. Their tips, however, wilt before anthesis. Immediately 
below the anthers the filament tips are studded with hairs (Figure 
I f). The anthers are pear-shaped, have a narrow neck and a circu-
lar opening. The pollen is released before anthesis. 
The nectary is a flat, many-lobed disc surrounding the gyn-
oecium (Figure Id). On the dorsal side it is much wider than on 
the ventral side, the longest lobe is located in upper median posi-
tion. The surface of the nectary is perforated by numerous 
hydathodes that serve as outlets for the nectar. 
The gynoecium is situated on a short gynophore and widens 
into a coin-shaped ovary. Above the gynophore there is an open 
space that serves as a nectar chamber (Figure 1 d). The hairs on 
the lower part of the furrow render the interior unwettable. 
Above the ovary, the gynoecium elongates into the style (Figure 
1 d). This is narrow at the base, but widens and fills the cavity of 
the filament furrow. Still in its straight (horizontal) part it nar-
rows again to reach its final width (Figure Ig). Like the fila-
ments, the style follows the outline of the keel, not only in its 
upward curvature but also in its deflexion to the right. As the 
deflexion is even slightly stronger than that of the keel, the style 
rests somewhat against the right side of the keel. In its upright 
part it is dorsiventrally flattened and shows a stronger curvature 
than the keel. The end of the style is laterally compressed and 
crook-shaped (Figure 2). The stigma occurs at the end of the 
crook and is a hemispherical mound pointing downwards and 
covered with wet papillae (Figure 19). The bend of the style 
bears a triangular pocket, with the apex of the triangle nearly 
reaching the stigma (Figure Ig). The inside curve of the crook is 
filled by a thin tissue. 
The Polyga/a-fiower as a keel blossom 
The flowers of most species of Polygalaceae represent keel blos-
soms (as defined by Westerkamp 1997), the anthers and the pol-
len (as well as the style and stigma) are hidden within a 
wing-kee l complex to which a flag (standard, vexillum) is 
opposed. Bees in search of nectar have to widen the angle 
between the wing-keel complex and the flag. By this activity the 
keel is pressed down, the pollen is released and becomes 
attached to the ventral side of the visitor (sternotribic pollina-
tion). The flag has two essential functions: visual attraction and 
provision of an abutment for the insect's head. The wings are 
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clasped by the legs and, by various kinds of mechanical connec-
tion with the keel, serve as auxiliary structures to press down the 
keel. In Polygala myrl{folia the two functions of the flag are dis-
tributed onto different organs, the petaloid sepals and the two 
upper petals. Signalling is mainly efrected by the large petaloid 
sepals which form the largest part of the semaphore (similar to 
Dipteryx and Ptel'odon, Fabaceae-Diptcryxeae; Polhill 1981; 
Schrire 1989). Together, the two petaloid sepals recall the reni-
form standard of certain Australian legumes (e.g., species of 
Dflhvynia, Platylobium, Bossiaea, see illustrations in Woolcock, 
s.d.). The upper petals playa minor role in visual attraction, their 
upright lobes bear coloured streaks that point toward the flower 
centre and apparently form a kind of nectar guide (Figure 1 a and 
d combined). The upper petals have, however, a significant 
mechanical function: by their overlap and the considerable 
strength of their ' claws' they form a tongue-guide. Moreover, 
they serve as an abutment: the insect has to brace against it in 
order to depress the keel (as described by Muller 1881 in 
Polygala chamaebuxus). As in Fabaceae, the base of the filament 
furrow serves as a nectar reservoir, the nectar, however, is acces-
sible only through a single opening and this is covered by inter-
locking hairs that form a kind of nectar cover ('Saftdecke', 
Figure I d-e). The keel of Polygala myrtifolia is similar to that 
of the asymmetric flowers of some Fabaceae, e.g., Lathyrus lati-
folius, where the tip is also bent to the right side (Westerkamp 
1993). The mechanical functions of the wings of Fabaceae (i.e., 
landing spot and lever) are taken over by the crest. 
In the literature on Polygalaceae the petaloid sepals are often 
termed and regarded as 'wings' because of their paired position 
alongside the keel. In terms of function, this is completely wrong 
Figure 2 Tip of style (compare Figure tg) and stamer,s after 
release of the pollen: the pollen masses are attached to the area 
behind the crook, the empty anthers lie below. 
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and should be avoided. As shown above, they are part of the 
semaphore (flag). In addition, they might act as a blanket at night 
when they adopt their 'sleeping position ', Bamert (1990) 
ascribes the function of the wings to the upper petals. This is also 
inappropriate. 
General kinetics 
The asymmetric flowers of the South A friean Polygala species 
apparently can be exploited only by large, forceful bees. Delpino 
( 1868/69) and Scott Ellio! ( 1891) report Xylocopa spp. (Antho-
phoridae) as abundant visitors of P. myrltfvlia. It can be assumed 
that a bee in search of nectar alights on the crest ('alighting 
brush ' , Scott Elliot 1891) . Her front legs may find a foothold at 
the base of the strap-shaped lateral lobes of the upper petals (Fig-
ure I b, c), which thus function as stirrups. The bee is then 
aligned wi thin the flower, the rostrum of the keel being placed at 
her right side. On the way to the nectar the bee has to overcome 
several obstacles. Firstly, the auricles of the keel obstruct almost 
totally the tongue-guide below the upper petals (Figure la, b). 
The bee has to step strongly onto the crest and to brace her head 
against the abutment of the upper petals, so that the crest is 
pressed downwards . The keel (including the auricles) is thus 
removed in a lever-like manner. As the flanks of the keel are 
strong ly appressed to each other as well as to the filament! 
sty le-complex (especia lly on the right side), powerful forces 
have to be applied to depress the keel. The stress that lIlust be 
overcome is composed of several components. bending stresses 
of the v-shaped hinge and the appressed flanks are combined 
with friction stresses between the keel and the central column. 
Measurements of the forces necessary to depress the keel were 
taken with an electronic balance at the base of the crest. They 
yielded an average of J.7 g (range from I to 2.3 g, n ~ 9). From 
subseq uent manual trippings the impression was gained (but not 
quantified) that the first trial of a flower had to be particularly 
forceful. Another obstacle that must be overcome is the nectar 
cover. The narrow space between the upper edges of the filament 
furrow is camouflaged by interlocking hairs (Figure I d, e). The 
insect's proboscis has to pierce forcefully through this hair 
cover. T his pressure adds to the leverage of the crest and thus the 
keel. When the flower is visited for the first time, the efforts of 
the bee eventually result in an explosive release of the style 
(which also presents the pollen) on her right flank . Owing to its 
stiffness and the swelling in its lower part (Figure t d) the style 
remains in its original position. This mode of pollen release can 
be referred to as an explosive mechanism, similar to that known 
from many papilionoid flowers. 
On withdrawal from the nectar source the pressure onto the 
crest decreases. The bending stresses again predominate and 
make the keel return to its original pos ition. This is usual in all 
mechanisms (va lvular, piston, brush) of keel flowers 
(Westerkarnp 1997) except the explosive mechanism. Thus, after 
a first explosive release floral function follows a repetitive man-
ner during further visits . Therefore, the assessments of both Scott 
Elliot ( 1891 ; ' pollen isjerked out with some force', i.e. explosive 
mechanism) and Delpino (187311874; ' forma ordinaria' , i.e. val-
vular mechanism. Delpino referred to the repetitive nature of the 
movement and disregarded the secondary way of pollen presen-
tation) hold true to a certain extent. The two mechanisms repre-
sent j ust successive stages within anthesis. 
Pollen presentation 
The mode of pollen presentation is extremely unusual and 
deserves special attention. Although the phenomenon of second-
ary pollen presentation is well known for Polygala in general as 
well as for the species under consideration (Scott Elliot 1891 ; 
Ladd & Donaldson 1993; Veo t 993), the actua l mechanism has, 
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until now, remained enigmatic. In most Polygala species the 
sterile abaxial branch of the style receives the pollen (released 
from the anthers at bud stage) and presents it to visitors in vari-
ous ways (Westerkamp. pers. obs.). In Polygala myrtUoUa and 
related species the pocket at the tip of the style (Figure Ig) appar-
ent ly represents a remnant of this sterile stylar branch. However, 
it does not carry any po llen when the flower first opens. Instead, 
the pollen resides in the crook of the sty le in a very unusual man-
ner (Figure 2); eight sausage-like conglomerations of pollen 
(three of them intact in Figure 2) stick to the tissue within the 
curve o f the crook, four on either side. thus reflecting the former 
positions of the anthers. Each pollen mass represents the contents 
of a whole anther. The separa ting walls between the pollen sacs 
and thecae are dissolved before dehiscence. Only in front of the 
vascular strands can remnants of the connective be observed 
(pers. obs.; also described by Jauch 19 18). This model is 
reflected in the outer form of each pollen mass . 
Although the stigma is very close to the fl ower's own pollen 
or even in contact with it during the bud stage, fl owers never set 
fruit autogamously (P. x da!maisiallo; O. Kriesten, pers. comm.). 
Thus autogamy (suspected by Ladd 1994) as well as 
agamospermy can be ruled out. In very generalized terms, the sjt-
uation can be compared with the symmetrica l flowers of Co/urea 
(Fabaceae; Westerkamp pers. obs.). They a lso present stigma 
and pollen below a rearward bend ing of the style. However, in 
Colutea, the pollen is held by a fen ce of hairs that surrounds the 
stigma. 
It is rather unusual that a bare style (i.e. a style without any 
auxiliary structures) functions as a pollen presenter. However, 
such cases of 'pseudo-stamens' have been observed in Prutea 
cynaroides and Canna indica (in wh ich the mould of the an ther 
can still be recognized, Westerkamp 1989) as well as in Alberta, 
Ixora and Turraea, where the pollen mass is gl ued to the sty le. In 
these cases the po llen protrudes from a longic idally dehiscent 
anther and sticks to the adjacent portion of the style. In Polyga[o 
myrtifolia, however, the anthers open at the tip only. Pollen 
delivery to the presenter is as follows: at the time of anther dehis-
cence the stamens equal the style in length. The uppermost pol-
len portion of each anther is exposed by withdrawal of the 
opening flaps and glued to the area behind the crook of the sty le. 
Then the distal parts of the filaments wilt, resulting in a shorten-
ing of the stamen length . The anthers are thus pulled back while 
the pollen masses remain in their original places. T his can only 
be achieved if the sticking of the pollen grains to the style and 
among themselves is much stronger than that to the inner anther 
walls. This may be compared with Nigella arvensis where the 
pollen sticks to the outer thecal wall (which flips down and 
presents the pollen package at the lower side of the anther ), but 
not to the inner one (Weber & Weber 199 1). 
When the style springs out from the keel for the first time, the 
adhering pollen mass apparently hits the bee dorsally on the right 
flank. The stigma is simultaneously slammed onto the back of 
the visitor. Because of its rearward position, the stigma can only 
be pollinated if the bee transports pollen on her back. Pollination 
is thus (pleuro- )nototribic. This is in contrast to other Polygala 
flowers which are generally sternotribic. 
Former observers wondered why they found pollen a lso in the 
pocket at the tip of the style (Scott Elliot 189 1; Ladd & Donald-
son 1993; Ladd 1994). Obviously they studied fl owers after the 
first visit by a bee (o r a comparable manual operation). In fact, 
pollen is moved to that tertiary pos ition between the fi rst and 
second visit as a result of the asymmetri cal construction of keel 
and style, [To our knowledge, tertiary pollen presentation was 
first observed in Dide[ta camosa (Asteraceae) by Eberwein 
( 1993)). 
The mechanism is as follows : when the keel is pressed down, 
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the tip of the style gets slightly deflexed from its inward direction 
by the folds tha t conti nue the beak of the rostrum into the main 
part of the keel. On its way out the style thus fo llows more or less 
the channel o f this beak. When the keel slips back to its original 
pos ition, the inward fold on the right side makes its way into the 
crook of the sty le. This fold is stronger than its counterpart on the 
left side; li kewise. the style lies closely attached to the right s ide 
of the keel. The movement of the fold into the crook exerts a 
pressure onto the remaining pollen which is thus moved to the 
left side of the keel (and the style). As the left side of the keel 
provides more space, pollen can pass the style to its outer (= 
abaxia l) side. Here it follows the curvature of the sty le which 
resumes its original position next to the fold of the kee l. In thi s 
way pollen accum ulates in the rostrum. When the kee l is pressed 
down a second time, the sty le again follows the channel of the 
rostrum. During thi s movement, some pollen is seized by the 
pocket at the style tip and thus squeezed out of the rostrum. The 
po llen is thus presented in the manner of a piston mechanism (or 
' nood le squeezer ' , Westerkamp 1989; Yeo 1993) and protrudes 
from the rostrum as a streak. 
Conclusions 
Fina l conc lusions about the biological meaning can only be made 
after pollination has been studied in the fi eld . Nevertheless, from 
the present observations it seems to be clear that the South Afri-
can Polygala species with asymmetric fl owers first release the 
pollen and stigma in an explosive manner. This results in a com-
bined pollen delivery and pollen reception, both events taking 
place on the dorsa l right flank of the visitor which must be a suf-
fi ciently strong bee. The first visit is essential for pollination . 
A fier thi s explosive release, the keel returns to its original pas i-
ton and again covers the style and pollen. This is unusual for an 
exp los ive mechanism, but usual for keel flowers with repetiti ve 
mechanisms. In subsequent visits , pollen is squeezed out from 
the ros tum of the keel in advance of the stigma. This corresponds 
to a piston mechanis m. This pollen fraction is therefore attached 
to the vent ra l side of the v isi tor. It is probably out ofreach of the 
stigma in furt her fl owers, w hich, because of its rea rward pos i-
tion , never contacts the ventral side of the bee and is apparently 
not relevant for pollination. The antheco logical signifi cance o f 
the tert iary po llen presentation is still enigmatic. A possibility is 
that the pollen which remains in the flower after the decisive first 
vis it might be used as a bait for attracting bees. 
In short, the asymmetric Polygala flowers display an explo-
sive noto-/pleurotribic all-or-nothing mechanism with secondary 
pollen presentation (sausage-like pollen masses sticking with 
the ir apices to the style). The remaining pollen is then moved 
into a tertiary position and is delivered - by a piston mechanism -
sternotribica lly to subsequent visitors. 
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